
15-462 Assignment 1
Due: In class on Tuesday 9/28

NO LATE DAYS

1 (20 pts): Suppose you wanted to build a spline curve out of polynomial segments.

(a (10 pts)) Your requirement is that each curve pass through its control end points and have
pre-specified derivatives at those endpoints. What degree polynomial is required for your spline
segments? (Hint: These are nothing but Hermite Splines.) Assuming adjacent splines agree in
position and derivative, what degree of continuity will the whole curve have?

(b (10 pts)) Now suppose the curve must also respect pre-specified second deriva- tives at it’s
endpoints, and that these second derivatives will also agree across adjacent splines? What degree
polynomial must the spline segments be? What degree of continuity will the whole curve have?

2 (10 pts): For what values of α is a orthogonal to b − αa? What about the special case where
||a|| = 1? The case where ||a|| = 0?
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3 (25 pts): Suppose you have two 3D shapes, A and B, described by implicit functions fA and
fB (respecting the inside/outside convention), i.e.:

A = {x ∈ R3 | fA(x) ≤ 0}

B = {x ∈ R3 | fB(x) ≤ 0}

Please give an implicit function for their union fA∪B, another for their intersection fA∩B, and one
for A complement fA.

4 (25 pts): Draw the triangle with coordinates (4, −1), (1, −3), (1, −1). Then draw the points
(2, 2) and (2, 3). Indicate whether these points are inside or outside the triangle. Now justify your
answer by computing barycentric coordinates for these points and using the barycentric coordinate
test to determine if these points lie inside the triangle. Explain what conditions you are using to
test whether the point is inside or outside.

5 (20 pts): Write the following transformation matrices:

(a (5 pts)) x is scaled by 2, but y is scaled by 1.

(b (7 pts)) Given a square with coordinates A(−1, 1), B(1, 1), C(−1, −1), D(1, −1), write
the transformation that transforms the square to A(0, 1), B(2, 1), C(−2, −1), D(0, −1).

(c (8 pts)) Given a square with coordinates A(−1, 1), B(1, 1), C(−1, −1), D(1, −1), write
the transformation that transforms the square to A(−1, 0), B(0, 1), C(0, −1), D(1, 0).
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